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i.p. or oral doses, however, remains to be established. 
Study of the regional distribution indicates that sal- 
butamol markedly accumulates in regions outside the 
blood-brain barrier such as the pituitary and pineal 
glands. This might be relevant to possible sites of action 
of the drug which could influence these structures, 
thereby modifying the central events. 

We would like to thank Miss L. Arrivabene and Miss G. 
Guiso for their technical assistance. 
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Quinidine-induced rise in ajmaline plasma concentration 

RYOHEI HORIT, KATSUHIKO OKUMURA, KEN-ICHI INUI, MASATO YASUHARA, KAZUSHI YAMADA, TSUNETARO SAKURAI*, 
CHUICHI KAWAI*, Department of Pharmacy and Internal Medicine*, Kyoto University Hospital, Faculty of Medicine, Kyoto 
University, Sakyo-ku, Kyoto 606, Japan 

A high-performance liquid chromatographic method is 
descnbed for the simultaneous determination of ajmaline 
and quinidine in human plasma. With 0.5 ml plasma 
samples of ajmaline and quinidine, concentrations as low as 
0@01 and 0.01 pg ml-1, respectively, could be detected and 
the technique could be used to investi ate the effect of 
quinidine on the pharmacokinetics OF ajmalinc. Four 
healthy subjects were given oral ajmaline (50 m ) alone or 
in combination with quinidine sulphate (200 m$ on sepa- 
rate occasions. When ajmaline was administered alone, its 
plasma concentrations were less than 0.03 pg ml-1. Quini- 
dine induced a marked increase to give a mean 
concentration of ajmaline which increased fgb 
0.018 pg ml-1 after a single administration to 0.141 pg ml-1 
in combination with quinidine. The area under the ajmaline 
concentration-time curves was increased 10 to 30-fold by 
the concurrent administration of quinidine. According to 
the one compartment open model, the absorption rate 
constant of ajmaline did not change appreciably, but the 
elimination rate constant was reduced to approximately 
50% of the value in the absence of quinidine. The results 
indicate the existence of a significant interaction between 
oral ajmaline and quinidine. 

The routine determination of ajmaline is hampered by 
the low sensitivity, time consumption and poor specific- 
ity of the available methods (Kleinsorge & Gaida 1961; 
Dombrowski et a1 1975; Clemanset a1 1977). Therefore, 
its pharmacokinetic properties have not been well 
understood (Kleinsorge & Gaida 1962: Dombrowski et 
a1 1975; Spilker et a1 1975; h e n  1977; Anttila et a1 1978) 
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and nothing is known about its kinetic behaviour in the 
clinical situation, where it is often used in combination 
with agents such as quinidine. 

A specific and sensitive high-performance liquid 
chromatographic (hplc) method for the determination 
of ajmaline permits measurement of both ajmaline and 
quinidine in plasma simultaneously. This technique has 
been used to investigate the effect of quinidine on the 
pharmacokinetics of ajmaline given orally to healthy 
volunteers. 

Materials and methods 
Ajmaline was supplied by Sigma (St Louis, USA), 
quinidine was obtained from Nakarai Chem. Ltd 
(Kyoto, Japan) and quinidine ethylcarbonate, used as 
the internal standard, was purchased from Hoei Yakko 
(Osaka, Japan). Standard solutions of ajmaline and 
quinidine (1.00 mg ml-1, respectively) were prepared 
weekly in 2% acetic acid and stored at 4 "C. The internal 
standard solution of quinine ethylcarbonate in diethyl 
ether was prepared daily and protected from light. 

Acetonitrile (Kantokagaku, Tokyo, Japan) and glac- 
ical acetic acid (Wako, Osaka, Japan) was used without 
further purification. All other chemicals were analytical 
grade products available commercially. 

A Shimadzu Model LC-3A high performance liquid 
chromatograph equipped with a Shimadzu RF-5OOLC 
fluorescence spectromonitor and a Zorbax CN column 
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Table 1. Pharmacokinetic parameters of ajmaline (A’) in 
normal volunteers following oral administrstion with or 
without quinidine (Q).* 
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FIG. 1. Plasma concentrations of ajmaline after oral 
administration with or without quinidine in normal male 
volunteers. Each point and vertical bar represents the mean 
and standard error of four subjects. 0 Ajmaline 50mg 
alone; 0 ajmaline 50 mg with quinidine sulphate 200 mg. 

(25 cm X 4.6 mm i.d.; 5 pm particle size; Shimadzu- 
Dupont, Kyoto, Japan) was used. The mobile phase was 
acetonitrile-2.5% acetic acid (44 : 56, v/v). A flow rate 
of 2.5 ml min-1 was used yielding an operating pressure 
of 170 kg cm-2. The fluorescence spectromonitor had a 
12pI cell volume and was operated at an excitation 
wavelength of 295 nm and an emission wavelength of 
375 nm. 

Analytical procedure 
To 0.51111 of heparinized plasma in a 12-ml screw- 
capped glass tube were added 1.0 ml of glycine buffer 
(pH 10, 0.1 M) and 5.0 ml of diethyl ether containing 
0.3 pg ml-1 of quinine ethylcarbonate as the internal 
standard. Each tube was vortexed for 2min and 
centrifuged for 10 min at 2000g and the upper organic 
phase (4 ml) was transferred to tapered centrifuge 
tubes. After addition of 0.11111 of 2-propano1, the 
organic phase was evaporated under a stream of 
nitrogen. The residue was reconstituted in 0.5 ml of 2% 
acetic acid and a 50p1 aliquot was injected into the 
high-performance liquid chromatograph. 

Standard curves were prepared by spiking blank 
human plasma with ajmaline and quinidine. Both 
compounds were included in a single solution of spiked 
plasma at the concentrations of 0 ~ 0 1 , 0 ~ 0 2 , 0 ~ 0 5 , 0 ~ 1 , 0 ~ 2  
and 0.5 pg ml-1 for ajmaline and 0.1, 0.2, 0.5, 1.0, 2.0 
and 5.0 pg ml-1 for quinidine, and assayed concur- 
rently. The peak height ratios of ajmaline and quinidine 
to quinine ethylcarbonate were plotted against the 
concentration of ajmaline and quinidine, respectively to 
provide standard curves. 

Protocol design for normal volunteers 
Four healthy male volunteers, aged 28 to 37 years, 
weight 51 to 67 kg, participated. Each ingested a single 
dose (50 mg, one tablet) of ajmaline (Gilurytmal, 
Nippon Chemiphar, Tokyo) with 100 ml of water on two 

K,(h-l)b &(h-’)b (Fghrml-l)b AUC 

AUCratio 
Subject Aj A j + Q  Aj A j + Q  Aj A j + Q  (Aj+Q)/Aj 
K.Y. 2.41 3.00 0.299 0.270 0.034 0.485 14.3 
M.Y. 6.77 4.61 0.602 0.239 0.035 0.383 10.9 
K 0 4.56 2.12 0.379 0.223 0.038 0.707 18.6 ~. - 
A.M. i . i 2  2.29 0.326 o . i w  0.091 2.825 31.0 
Mean 3.72 3.01 0,402 0.210 0.050 1.100 18.7 
+s .e .  1.24 0.57 0.069 0,036 0.014 0.579 4.4 

* Parameters were calculated from the one compartment open model 
by a non-linear iterative least squares method using a digital computer. 

b K,. the absorption rate constant; &, the elimination rate constant; 
AUC. the area under the plasma concentration time curve. 

occasions. The first trial served as a ‘control’, without 
concurrent drug administration. At least 7 days later, 
for the second trial, 100 mg quinidine sulphate (powder, 
JP, Hoei Yakko, Osaka) was given orally in the evening 
and on the next morning 200 mg of quinidine sulphate 
was given with ajmaline. Subjects fasted from 9 pm the 
evening before and no food or fluid was allowed until 
4 h after the dose of ajmaline. Blood samples were 
collected at 0 ,0 .5 ,1 ,1 .5,2,3,4,5,8 h after each dose of 
ajmaline. No adverse effects were experienced. 

Data analysis 
Pharmacokinetic parameters in terms of one compart- 
ment open model for individual subjects were deter- 
mined by non-linear least squares regression (Naka- 
gawa et a1 1978) using a FACOM M-200 digital 
computer. Statistical analysis was using Student’s t-test 
with P = 0.05 as the minimal level of significance. 

Results and discussion 
Analytical method 
The extraction of ajmaline and quinidine from plasma 
over the pH range 8.0 to 12.5 was maximal for both 
drugs using diethyl ether at pH 10.0. Recoveries were 
ajmaline (90%) and quinidine (95%). Other solvents 
(isoamylalcohol, chloroform, benzene, n-hexane) were 
less efficient. The extraction efficiency of ajmaline was 
not affected by the addition of quinidine. 

Both ajmaline and quinidine exhibit natural fluor- 
escence, allowing their separation by liquid chromato- 
graphy and detection with a fluorescence detector. The 
excitation and emission wavelengths used were optimal 
for ajmaline but still allowed satisfactory measurement 
of quinidine. 

On chromatography of human plasma spiked with 
ajmaline and quinidine (0.1 and 2.0 pg ml-1, respec- 
tively), the compounds eluted from the reversed-phase 
column with retention times of 5.2, 14.5 and 16.8 min 
for ajmaline, quinine ethylcarbonate and quinidine, 
respectively. No interference in blank plasma was 
observed at the retention times of the three compounds. 
The detection limit for ajmaline was 0.001 and for 
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quinidine, 0.01 pg ml-1. At these concentrations, peaks 
three times the baseline noise were obtained. 

Calibration curves were constructed by spiking blank 
human plasma with ajmaline 0.01-0.5 pg m1-I and 
quinidine 0.1-5.0 pg m1-I. Both drugs exhibited excel- 
lent linear calibration curves with intercepts through the 
origin and correlation coefficients >0.9998. 

Propranolol, disopyramide, procainamide, lidocaine 
and verapamil did not interfere in the assay. 

The reproducibility of the method was good, the 
coefficient of variation for both drugs being less than 
5%. 

Ajmaline-quinidine interaction in normal volunteers 
The pharmacokinetics of ajmaline, administered alone 
and in combination with quinidine, were evaluated in 
four normal volunteers. Plasma concentrations of 
ajmaline following oral administration are shown in Fig. 
1. When administered alone, ajmaline gave plasma 
concentrations less than 0.03 pg ml-1, but with quini- 
dine given concurrently, the maximal concentration 
increased from 0.018 f 0.004 to 0.141 k 0.044 pg m1-I 
(mean 2 s.e.m., P < 0.05). The pharmacokinetic 
parameters obtained in terms of the one compartment 
open model are shown in Table 1. The absorption rate 
constant (K,) of ajmaline appeared to be not affected by 
quinidine, while the elimination rate constant (K,) was 
reduced significantly (P < 0.05). Furthermore, the area 
under the plasma concentration time curve (AUC) was 
increased 10 to 30-fold by the concurrent administration 
of quinidine. 

The peak plasma concentration of quinidine (1.34 k 
0.29 pg ml-1) was reached in 0.5 to 2 h after the dose 
and the K, of quinidine was 0.129 f 0.015 h-1 in the 
presence of ajmaline. Guentert et al (1979) reporting 
the pharmacokinetics of quinidine in ten healthy male 
volunteers, found that the time to peak concentration 
varied from 23 to 121 min and the peak concentration 
ranged from 0-9 to 1.8 pg ml-1 at the oral dose of 
3.74 mg kg-1 quinidine base. The mean K, of quinidine 
was reported to be 0.103 h-1. Our results were similar, 
which suggest the pharmacokinetics of quinidine may 
not be affected by the presence of ajmaline. 

The basic observation we report here is that the 
plasma concentration after oral dosing with ajmaline is 
increased by oral quinidine. The elimination half life of 
ajmaline was increased about two-fold by quinidine. 
However, it is not enough to explain the 10 to 30-fold 
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increase in AUC of ajmaline. The product FD/V of 
AUC x K,, where F is the availability of the drug, D is 
the dose and V is the apparent volume of distribution 
(Wagner & Nelson 1964) increased from 0.019 ? 
0.004 pg ml-1 with the single administration to 0.171 k 
0.046 pg m1-I with quinidine (P < 0.025). The results 
suggest the increased availability of ajmaline by the 
coadministration of quinidine, provided that quinidine 
does not affect the distribution volume of ajmaline. Our 
data in normal subjects do not allow any conclusion on 
the mechanisms of this drug interaction. 

The antiarrhythmic effect of ajmaline has been found 
to be satisfactory only after parenteral administration 
(Mertens et al 1973). We found plasma concentrations 
after ajmaline alone by mouth were less than 
0.03 pg ml-1, while plasma concentrations of ajmaline 
sufficient for antiarrhythmic therapy were obtained 
when 50mg of ajmaline was administered orally with 
200 mg of quinidine. The combination would appear to 
have potential in the treatment of premature ventricular 
contractions because of the increased plasma concentra- 
tion of ajmaline (Sakurai et al 1982). 
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